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FOREWORD 


This appendix presents selected detailed test data accumuiated dur~ 
ing the arctic phase of the Category II Climatic Tests, conducted from 
5 January to 26 February 1971. Test results, conclusions and recommenda~ 
tiens are presented in the hasic report: “Category JIT etic Tests o ; 
H-53C Helicopter’, FOC-TR-71-12, April 1971. 





- Test authority for the program was AFSC Rroject 482A, AFFTC Project 
Directive No. 71-24. 
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Foreign announcement and dissemination by the defense documentation 
center are not authorized because of technology restrictions of the U.S. 
Export Control Acts as implemented by AFR 400-10. 


Prepared by 
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JOHN L. BARBAGALLO ‘ 
Systems Engineer 
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AFCS 

AGE 

APP 

ASD 

C.A. 
CTR, C/N 
dig 

D/P 

EAPS 

EGT 

Fob 

GET 

T.c. 

IGB 

LH 


psid 


psig 
press. 
RH 

Ts 








Definition 
automatic flight control system 
aerospace ground equipment 
auxiliary power plant 
Aercnautical Systems Division 
chromel alumel (type of thermocouple} 
instrumentation sweep counter number 
cigital (type of instrumentation system) 
differential pressure 
engine air particle separater 
exhaust gas temperature 
foreign object camage 
General Electric Company test parameter 
iron constantin (type of therinccouple) 
intermediate gearbox 
left hand 
power turbine speed 
gas generator speed 


.nose gearbox 


rotor speed 
outside air temperature 
pressure altitude 


pounds per square inch, differential 
pressure 


pounds per square inch, gauge pressure 
pressure 

right hand 

turbine inlet temperature 


-~— mm 


— ww 


ib per sq in. 


lb per sq in. 


deg C 

















TEST SYNOPSIS AND DATA 


GENERAL 


The arctic test phase consisted of 21 tests: fourteen test flights 
(29.6 test flight hours); five aborted test flights; and two ground tests. — 


Data available from these tests are as follows: 


Run No. , lto3 4 5 6 7 8 tol3 14 to 21 
Digital Data Yes No Yes No Yes No Yes 
Photorecorder Data Yes Yes Yes Yes Yes Yes Yes 


A summary of all the tests is presented in table I. Five test runs were 
selected as yielding the best data. These were runs 2, 3, 4, 7, ana 21. 
Data from these selected tests are presented in this appendix. Portions 

of the data have been deleted when it was evident that errors existed 
because of instrumentation malfunction. It should be noted that the instru- 
mentation system functioned with difficulty when operating below 0 degrees 
F, consequently, the data are deficient in one or more of the following 


areas: 
1. They may not include initial start data. 


2. When they do include initial start data, not ail temperatures are 
truly representative. Aircraft component temperatures were inad- 
vertently raised by heat that had to be applied to the instrumenta-~ 
tion system to permit it to operate. 


3. Digital data are not available for all of the tests. The digital 
recording system was not operated for some of the tests to avcid 
any chance of applied heat having an adverse affect on test results. 
As a compromise, in this case, the photorecorder was operated alone 
because it could be operated with little or no applied heat. 


AIRCRAFT INSTRUMENTATION 


The aircraft instrumentation, consisted of a low speed digital tape 
recording system and a photorecorder mounted on a test table. All of 
these were connected to the aircraft test instrumentation wiring in the 
aircraft. The Air Force furnished the instrumentation systems and the 
contractor (Sikorsky Aircraft Corporation) instrumented the aircraft 
(reference 1). The photorecorder was capable of recording much faster 
than the digital tape recording system and therefore was particularly 
useful for recording data during APP and engine starts. Excluding the 
reference and time parameters, there were approximately 195 parameters 
recorded on the digital tape recording system. 


The aircraft test instrumentation was normally operated for each 
test mission from preflight to after engine shutdown. 


fhe digital tape system was capable of recording a complete sweep 
of all parameters in approximately 20 seconds. The parameter sweep and 
the interval between sweeps could be varied. 
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The photorecorder camera was capable of operating at a maximum speed 
of four frames per second to record rapid transients. The camera control 
could be slaved to the digital system so that a frame of photorecorder data 
would be recorded for each digital sweep. 
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Data reduction of the information recorded on the digital tape was 

accomplished by utilizing computer processing, resulting in data printed 

in tabular format. The computer processing system also provided the capa~ : 
bility of selected data printout in graphical format. The selected photo- ~ 
recorder data were reduced by hand and are presented in tabular form. 


GROUND STATION INSTRUMENTATION 
The following ground station instrumentation was used: 


Arctic test ambient air temperature - A continuous reading 
recorder was used to record the ambient air temperature 
near the aircraft. Recordings were taken 24 hours a day. 


Data playback unit (quick look data printer) ~ This data 
playback unit was used for all test phases. It was capable 
of providing printed tabular “raw” data from the aircraft 
digital instrumentation recorder tape. The raw data had to 
be manually converted to real data. It was used to obtain 
information for trouble shooting the aircraft digital 
instrumentation system or to monitor suspected problem 
areas in the aircraft systems. 


PARAMETER LISTING 
The aircraft test parameters are listed as follows: 


Table II ~- Photo Recorder 
Yable IfI - Digital Magnetic Tape Recording System 


HOW TO USE THE TABULATED DIGITAL DATA 





Following are the reduced, edited, and tabulated digital data from 

the Arctic tests. Each of the tests was selected for the most representa- 
tive climatic data or to document specific subsystem tests. In the tabu- 
lated data that follow, the individual digital test parameters (temperature, 
pressure, rpm, etc.) are designated by three numbers (such as 1-01) and 

the abbreviated name of the parameter (see table [Ii for names). The first 
number from 1 to @ of the three~numbe~ designaticn is the switch box number. 
Generally, boxes one and two contain pressure, flow, rpm, and engine power 
parameters, while boxes three through eight contain temperature parameters, 
The second two numbers in the designation (01 to 29) give the step position 
within the box. 













Elapsed time is given in minutes and seconds (hours for soak data). 
The first column of numbers on each page is entitled SWEEP COUNT. This 
column lists the number of times that the test parameters have been sampled 

at any particular time. The numbers in the column are referred to as counter ‘ 
numbers (C/N). The counter numbers are cumulative and are used to identify 

events and to correlate data with events. The correlation of the data 
trends throuyhout each test is made by referring to the applicable event 
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sheet for the tabulated data for each Flight, noting the counter number 

at which an event took place, and then referring to the data at that counter 
The elapsed time between counter numbers is normally about 20 
seconds, but could be varied by the operator. 


Unless otherwise noted, an asterisk indicates that a data point has . 
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; been removed because of defective instrumentation or other causes resulting 
' in erroneous data. 
Ts 
i Taiei 
SUMMARY OF ARCTIC TESTS 
i Soax Soak Temperature 
i] Date Time {deg F} Flight 
4 Text (197%) (nr) Averago High Low Tests Accompiixagd Hours a Cormont 
4 a 
j 1 T3an 22 “3b -29 =3B Rborted 6.0 Modified intersediate gear box ine 
§ stalled prio: to this test. 
5 abort due to utility bydravlic 
4 System reservoir trak. 
k 
g ’ 2 9 Jan 87 ~40 -40 ~48 Aircred fanjliarization 1.4 Original utility hydraulic system 
Hl and aircraft ground reservoir repaired, checked and 
: and flight check. reinstalled praor is this test. | 
5 ae None 16 Jan 13 ~46 -33 a4 Aborted 6.0 Ground abort due to APFeheater fire 
Lose extinguisher bottle pressure Leak. 
(am ; 
i 3 15 Jan 35 “40 -35 ~49 Static temperature cur- LL Modified APP start valve installed a 
{ vey, simulated emer- prior to this test. 
i] gency flight without 
i neatexs and uystems 
e avaluation. 
“ 4 16 Jan i? -80 ~46 -53 ABGrtad 9.9 Ground a.ort due te ASP clutch 
shaft failure. 
5 29 Jan 2 -338 -338 ~39 Short cold soak effects, 1.7 Heavy Guty AtP clutch ingcatled 
navigation/cormrunica- Prior to rest. 
tion test, machmeter/ 
cruise test, and reacue 
procedures test. 
6 20 Jan 18 -33 «3h -43 Weavy snow evaluation, i.s ay Sh 
7 21 Jan 18 -43 ~40 ~a85 Rescue /hover tests, Ly --- 
Gopper teats, Mace 
Meter ciuise tests 
and adtitude/tempera- 
ture Survey. 
8 22 Jan i9 -35 -32 ~42 Aborted 2.0 exes: 
3 23 Jan i8 -S0 ~42 ~64 Rescue tests and 9.0 Ground abort due to Ind stage 
Systems evaluation. hydraulic coupling lwak. 
10 24 Jan 19 “55 ~S6 ~60 Rescue tests and ILS, F¥ 1.3 =e 
Tadio tec.e. 
ul 27 Jan 1 “45 -44 47 Short cold soak ofircts 9,7 -*- 
and ESPS tests over 
snow. 
te 28 Jan i? -5o WAS ~S6 Carge/‘troap cesupply 1.4 anaes 
profiic, 
13 29 Jan is -50 -50 ~55 APP ground ces. . es 
14 < Feb 1a “25 16 ~34 Rescue hoist tests and Lda Utality reservoir replaced prior 
= and loud hailer tests. to this test. 
1s 14 Feb th -30 -27 -37 Aborted o.0 Modified APP speed monitor switch 
ot installed prior to this test. 
Ground abort due t3 salfuneticr 
Cf APP start valve cng heater 
combusticn blower motor. 
16 16 Feb 6 -20 “14 -24 Engine ground run sur- 2.7 Sy Se 
vey, gun firing, Mach 
meter cruise, engine 
7 Saran E 7 Oma 
Scpping, sihitery 
Power climb, and auto- 
rotation. 
17 1? Feb 20 ~10 “5 -14 Tethered hover perfor- 1.7 alia 
mance and cargo hook 
tests. 
4 
=a = ee en oe LT he 4 ee = 
= - Pe 
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18-219 23 Feb 


20 


2i 


24 Fes 


25 Feb 


Aerial refueling, low 6.4 
Speed/high speed, bigh 
altitule cruise, engine 
shatdown/restart i. 
flight, engins topping, 
and navigation/commnica- 
tion tests. 


is 10 +7 ~ié 


Gun fixing tests, Low 4.8 
altitude/high speed 

cruise, tether hover 
performance tests, 

and landing gear 

emergency extension 

tests. 


26 =22 


Systems ground test, N/R 
APP, APP speed monitor, 
Steel servos, utility 
reservoir, and heater 
survey. 





Rotor head/sawash plate re~- 
Placed prior to this teat. 
Steet primary flight con- 
troi servos ingtalled 
prior to thie test. 
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Position 
No. 


la 
ib 
lc 
la,b,c 


9a 

Sb 

Sa,Sb 
l0a 


10b 
il 
12 
13 
13 
13 
l4a 


lab 
15 





Table IL 
PARAMETERS RECORDED ON THE PHOTO RECORDER 


{Position numbers as read from left to right 
in rows from top to bottom of panel.) 


Parameter Measured 
AFCS pitch light 
aFCS roli light} 
AFCS yaw lightl 


or stage hydraulic system pump inlet temperature, 
e 


ac frequency, Hz 

Load cell, ibs 

Winch pump press., in; needle 1, psig 
Winch pump servo control inlet hydraulic press., 
psig® 

Winch pump press. out, needle 2, psig 
Rate of climb, fpm 

Indicated altitude, ft 

No. 2 EAPS press. differential, psi? 
Accessory gearbox rpm, pct 

Sensitive main rotor rpm, pct? 

APP fuel press., needle L, psig 


No. 1 engine fuel control djscharge press., 
needle R, psig 


No. l engine fuel flow, lb/hr 

No. }] engine total fuel, gals usea’ 
APP oil temp gauge, Ne. 1 

APP fuel temp gauge, No. 2 


2nd stage hydraulic system pump, outlet temp, oc4 


No. l engine start motor inlet press; needle l, 
psig 

APP start motor inlet press., needle 2, psig 
Free air temp, °C 

Indicated airspeed, kt 

LH throttle pos, pct travel 

Lateral acceleration, g3 

No. 1 engine fuel temp, oc! 


No. 1 engine start motor outlet press., needle 1, 
psig 


APP start motor outiet press., néedie R, psig 
No, 2 engine fuel flow, lb/hr 


Sikorsky 
Item No. 


155 
156 
157 

39 


106 


112 


113 


19 
293 
108 


10 


28 
30 
40 
118 


120 





Table II (Continued) 
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Sikorsky 
Parameter Measured item No. 
i i5 No. 2 engine total fuel, gals used‘ x a 
} 16 APP EGT, °c 152 
17 Clock 5 
18 Camera lens x 7 
19 No. L engine rpm, (Ng), pet 9 
i 20 RH throttle pos, pct travel 21 
20 No. 2 engine fuel temp, °c* x 
| : Zia APP oil press. needle L, psig 27 
21b Not used x 
1 ¥ 22a No. l engine ignition light (top) 150 
22b APP starter-on light (bottom) 22 
23 No. 1 engine turbine inlet temp (TIT) (Tz), °C 13 
; 24 Digital sweep counter, (dig. coord), Cy xX 
25 Digital time counter, (dig. coord), sec x 
26 No. 2 engine rpm (Ng), pet 14 
27a No. 1 engine power turbine rpm {Ne}, needle 1, 12 . 
triple tach, pet 
27b No. 2 engine power turbine rpm {N¢}, needle 2, 17 
pet 
27 Main rotor rpm (N;), needle R, pct? 19 , 
28 No, i engine torque, pet 11 
29a Ice detector {rate on event light) 23 
29b Anti-ice No. 1 engine light 24 
30 No. 2 engine turbine inlet tenp, (Te), sc 18 
31 ac bus voltage 107 
32 Camera frame counter Xx 
33 APP rpm, pet , 7 
34a Event Light 6 
34b Anti-ice No. 2 engine light 24 
34c AFCS attitude light : i158 
35 No. 2 engine torque, pct 16 
Ipisconnected 10 September 1971. 
*rebruary 1971 (Arctic test 14) and late, . 


351 March 1971 (icing test 1) to 24 May 1971. 
410 September 1971 and later. 


3 pbisconnected for Arctic tests ll through 2] (27 January - 25 February 
1971); position six used in its place during this time. . t 


§ a : . aan « : < 
“Replaces original [rom i2 March through 3 August 1970 (climatic lahoratory 
tests 1 through 29). 











Switch Box 
Pos. No. 


/ 4-01 
/ 1-62 
1-03 
1~04 
1-05 
1-06 
1-07 
1-08 
1-09 
1-10 
2-11 
1-12 
1-13 
1-14 


1-15 
1-16 
1-17 
1-18 
1-19 
1-20 


1-21 


1-22 
1-23 
1-24 
1-25 
1~26 
1-27 
1-26 
1-29 





Table IIt 


PARAMETERS RECORDED ON THE DIGITAL 
MAGNETIC TAPE RECORDING SYSTEM 


Parameter Measured 
Switch Box No. 1 (Pressures) 


Sweep counter No. 
Tine (min) 
Time (sec) 


Free air temp, e¢l 


No. 1 engine gas generator rpm, (Ng), pet 
No. 1 engine fuel flow, lb/hr or gal/hr2 
No, 1 engine torque, pet 

No, 1 engine power turbine speed, (N¢), pet 
No. 1 engine turbine temp (Ts), °C 

No. 2 engine gas generator rpm, (Ng), pet 
No, 2 engine fuel flow, lb/hr or gal/hr2 
No, 2 engine torque, pct 

No. 2 engine power turbine speed, (N¢), pct 
pe 2 engine turbine inlet temperature, (Ts), 
Main rotor rpm, pet 

OPEN 


LH throttle position, pct travel 

RH throttle position, pet travel 

No. 1 engine oil pump outlet press., psig 

No. 1 engine scavenge pump out outlet preas., 
psig 

No. 1 engine fuel boost pump outlet press., 
(before A/C fuel filter), psig 


No, 1 engine nose gearbox oil press., psig 
Accessory gearbox oil press., psig . 
Main gearbox oil press., psig 

No. L engine bleed air press., psig 


No. 1 engine fuel pump inlet press., psig 
Voltage reference 

OPEN 

OPEN 


Sikorsky 
Item No. 


* 


10 
il 
12 
13 
L4 
1S 
16 
17 
18 


19 


20 
al 
58 
59 


61 


66 
69 
71 
110 
64 
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Switch Box 
Pos No. 









































2-01 
2-02 
2-03 
2-04 
2-05 
2-06 
2-07 


2-08 
2-09 
2-10 


Table IIL (Continued) 


Parameter Mentored 
Switch Box No. 2 (veusiices): a 


Sweep counter No, 

Time (min) 

Time (sec) 

OPEN 

ist stage hydraulic pump inlet press., paig 
ist stage hydraulic pump outlet press., psig 


lst stage hydraulic press. at aft servo 
cylinder, psig 


2nd stage hydraulic pump inlet press., psig 
2nd stage hydraulic pump outlet oress., psig 


2nd stage hydraulic press, at aft servo 
cylinder, psig 


2nd stage AFCS No. 1 hydraulic press. (piteh/ 
roll), psig 


and stage AFCS No. 1 hydraulic press. (collec- 
tive/yaw), psig 


Utility AFCS No, 2 hydraulic press. (pitch/ 
roll), psig 


Utility hydraulic pump inlet press., psig 
Utility hydraulic pump outlet press., psig 


lst stage hydraulic system rotary rudder 
servo hydraulic inlet press., psig 


Utility hydraulic system rotary rudder servo 
hydraulic inlet press., psig 


No. 1 main wheel brake return pyerautre press., 


paig 

Heater output airflow (D/P No. 1), psid 
Heater output airflow (D/P No. 2), psid 
Heater output airflow (D/P No. 3), psid 
Heater output airflow (D/P No. 4), paid 
Heater output airflow (D/P No. 5), psid 
Heater output airflow (D/P No. 6), psid 
Heater output airflow (D/P No. 7), psid 
Heater output airflow (D/P No. 8), paid 
OPEN 

OPEN 

OPEN 


Sikorsky 
Item No. 


md be de 


32 
35 


37 
38 
41 


43 


44 


45 


47 
48 
51 


53 


iil 


78a 
78s 

780 
78d 
78e 
78£ 
18g 
78h 


* 


SO 








: fable III (Continued) 


Switch Box : 
Pos. No. Parameter Measured 
s 
Switch Box No. 3 (Temperatures) (I.C.) 
3-01 Sweep counter No. | 
S _ 3+02 Time (min) 
3-03 Time (sec) 
3-04 femp reference 
“3-05 Aix temp into heater, °C or F 
_ 3+06 Heater air temp out of plenum chamber, °C or F 
3-07 Heater main distribution duct air temp - left 
side forward, °C or F 
3~08 Heater main distribution duct air temp < right 
side forward, °C or F 
3-069 Heater distribution duct overhead outlet air 
temp - cockpit left side, °C or F 
3~10 Heater distribution duct overhead outlet air 
temp - cockpit right side, °C or F 
: : 3-11 Heater distribution duct outlet air temp sta- 
tion 460-470~-right side, °C or F 
3~12 Distribution duct outlet air temp station 
460-470-left side, °C or F 
\ 3-13 Pilot head~level air temp, °C or F 
3-14 Pilot waist level air temp, °C or F 
3-15 Pilot foct-level air temp, °C or F 
3~16 Pilot floor mass temp, °C or F 
3-17 Copilot head-level air temp, °C or F 
3-18 Copilot waist-level air temp, °C or F 
3-19 Copilot, foot-level air temp, °C or F 
3-20 Copilot floor mass temp, °C or F ; 
3-21 Cargo area, forward ~ head-level air temp, 
°c or FP 
3-22 Cargo area, forward - waist-level air temp, 
°C or F : 
3-23 Cargo area, forward - foot~level air temp, 
°C or F 
3~24 Cargo area, forward - floor mass temp, °C 
” or F 
3-25 Cargo area, aft - head-level air temp, °C 
or F 
3-26 Cargo area, aft - waist-level air temp, °C 
s or F 
3-27 Cargo area, aft - foot-level air temp, °C 
or F ; 
3-28 Cargo area, aft floor mass temp, °C or F 
3-29 OPEN 





Sikorsky 


item No. 


mS OO 


76 
77 
79 


79 
80 
81 
82 
83 
84 


85 
86 
87 
88 
89 
90 
51 
92 
93 
94 
95 
96 
97 
98 
99 


100 





Switch Box. 


~Pos. No. 








eek a ee 
Seas 


4-01 
4~02 
4-03 
4~04 
4-05 


ie. ar 


” parley 3 Ee ee to: 
5 aang) abt in a NM sr eae set PE i bee 


4-06 


Pee Ee IH EE te 


4-07 


4-08 


4-09 
4-10 
4-11 


SOPOT ET ASE 


4-12 
4-13 
4-14 


4-15 


4-16 


4-17 


4-20 


4-21 


4-22 


4-23 
4-24 


le 











able. 211 (Continued) 
7 Paramet 4 Measured ‘ ess 
Switch Box No. 4 (Temperatures) (Z.0,). 
Sweep Counter No. 
Time (min} 


Time (sec) 
Tenp reference 


 Copilot. windshield inside surface lower center 
.-7 
P 


Temp No, 1, °C or 


Copilot windshield inside surface uppey RH No. 2, 
°C or °F 


Center panel windshield inside surface lower 
Center temp No. 1, °C or °F 


Center panel windshield inside surface upper 
center temp Ne. 2, °C or °F 


ist stage hydraulic pump inlet tamp, °c or °F 
ist stage hydraulic Pump outlet temp, °c or °P 


ist stage hydraulic temp at inlet servo cylinder 
(aft servo), °C or °F 


2nd stage hydraulic pump inlet temp, °C or °F 
2nd stage hydraulic pump outlet temp, °c or °F3 


2nd stage hydraulic temp at inlet servo cylinder 
(aft servo), °C or °F 


2nd stage hydraulic system AFCS No, 1 hydraulic 
temp (collective/yaw channel), °C or °F 


2nd stage hydraulic systen. AFCS No. 1 hydraulic 
temp (pitch/roll Channel), °C or °F 


Utility hydraulic pump inlet hydraulic temp, 
°C or °F 


“Utility hydraulic pump outlet hydraulic temp, 
a 
F 


°C ar 


Utility hydraulic system AFCS No. 2 (pitch/roll 
channel) hydraulic temp, °C or °F 


ist stage hydraulic system rotary rudder servo 
hydraulic inlet temp, °c or °F 


Utility hydzaulic system rotary rudder servo 
hydraulic inlet, °C or °F 


Winch pump inle: hydraulic tamp, °C or °F 


Winch pump servo control inlet hydraulic temp, 
°C or FA : 


Winch pump outlet hydraulic temp, °C or °F 


Utility hydraulic system heat exchanger inlet 
hydraulic temp, °C or °F 





Sikorsky 
Item No. 





x 
x: 
x 
x 


101~1 


101-2 


102-1 


102-2 


33 
34 


39 
40 
42 


46 


160 


49 


50 


161 


52 


54 


114 
114 


145 
116 
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BR 


Switch Box 


4-25 
4-26. 


4-27 
4-28 
4-29 


5-01 
5-02 
5-03 
5-04 
5-05 
5-06 
5-07 
5-08 


5~09 


5-14 


5-15 
5-16 
5-17 
5-18 
5-19 
5-20 
5-21 


Pos. No. 


Switch Box No, 4 (Temperatures) (1.C.) (Concluded) 


table It (Continued) 
Parameter Measured 


Utility hydraulic system heat exchanger outlet 
hydraulic temp, *C or °F 


APP and heater fire extinguisher bottle mass 
temp, °CcS 

OPEN 

OPEN 

OPEN 


Switch Box No. 5 (Temperatures) (1.C.) 


Sweep Counter No. 

Time (min) 

Time (sec) 

Temp reference 

No. 1 engine oi1 tank oi] temp (1/3 level}, °C 
No. l engine oi1 cooler inlet oil temp, °C 

No. 1 engine oil cooler outlet oil temp, °C 


No. l engine fuel pump inlet fuel temp, °C or 
° F 

No. 1 engine nose gearbox oi1 cooler outlet 
oil tem, °C 


No. ] engine nose gearbox 011 cooler inlet 
oil temp, °C 


No. 2 engine nose gearbox oi1 cooler outlet 
oil temp, °C 


No. 2 engine nose gearbox oil cooler inlet oil 
temp, °C 

No. 2 engine oil cooler oil inlet oil temp, 
° 
c 


No. 2 engine oil cooler oil outlet oil temp, 
e 
c 


Accessory gearbox oil temp, °C 

Main gearbox oil cooler inlet oil temp, °C 
Main gearbox oi1 cooler outiet oil temp, °C 
Intermediate gearbox oil temp, °C 

Tail gearbox oil temp, °C 

No. 1 generator mass temp, °C or °F 

Fuel temp.to combustion heater, °C or °F 


Sikorsky 
Item No. 


117 


“x 


Mm MF OM 


55 
56 
57 
63 


68 


67 


127 


126 


128 


129 


70 
72 
73 
74 
75 
105-1 
65 


Nn 








Table III, (Continued) 
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_— Switch Box ; ; Sikorsky 

: Pos. No. Parameter Measured ; item No. «. 8 
; Se oP, oes ee ep ee em eae Ee ee ee ee ee x 
; Switch Box No. 5 (femperatures) (I.C.) (Concluded) 

) ‘5-22 = Left. mide electronic compartment top shelf 103-1 

' i: center air temp Ne. 1, °C or °F . 

3 5-23 Left side electronic compartment bottom shelf 103-2 

a ¥ aft (right) air temp No. 2, *C or °F 

eds 5-24 Left side electronic compartment bottom shelf 103-3 

5 forward (left) air temp Ho. 3, °C or °F 

E a 5-25 Right side electronic compartment aft (left) 1034 

a air temp No, 4, °C or °F 

a 5-26 Right side electronic compartment center air 103-5 : | 
‘ : temp No. 5, °C or °F 4 
i 5=27 Right side electronic compartment forward 103-6 
i (right) air temp No. 6, °C or °F 7 
=: 5-38 Left main fuel cell fuel temp (1/3 level), °C 60 

; ox °F 

5-29 No, 2 generator mass temp, °C or °F | 1052 ; 


Switch Box No. 6 (Temperatures) {I.C.) 
k 6-01 Sweep Counter No. 


x 
= 6-02 Time (min) x 
6-03 Time (sec) x ~ 4 
6-04 Temp reference x i 
6-05 (GET-5) No. 1 engine fuel control discharge 166 : 
temp, °C or °F 
6 -06 (GET-30) No, 2 engine fuel control discharge 191 
temp, °C or °F6é 
6-07 No. 1 engine fuel boost pump outlet fuel temp, 62 
°c or °F . 
6-08 No. l engine bleed air temp, °C or °F 109 
6-09 No. 1 engine Lord isolator mount temp - aft 124 
inboard, °C or °F 
6-10 No. l engine Lord isolator mount temp ~ aft — 125 
outboard, °C or °F 
: 6-11 No, 2 engine Lord isolator mount temp ~ aft 132 ; 
inboard, °C or °F i 
6-12 No. 2 engine Lord isolator mount temp - aft 133 - 
outboard, °C or °F \ 
= 6-13 No, 1 engine inlet lip surface temp No, 1 25-1 a 
ro {12 o'clock position), °C or °F x 
a 6-i4 No, 1 engine inlet lip surface temp No. 2 25-2 . 


ed (L o'clock position), *C or °F 


12 

















Yable III (Continued) 


Switch Box Sikorsky 
Pos. No. ; Parameter Measured Item No. 


Switch Box No, 6 (Temperatures) (I.C.) (Concluded) 





6-15 No. 1 engine inlet lip surface temp No. 3 25-3 
: {2 o'clock position), °C or °F 
6~16 No. 1 engine inlet lip surface temp Nu. 4 25-4 
(2:45 o'clock position), °C or °F 
6-17 No. 1 engine inlet lip surface temp No. 5 25-5 5 
(3:15 o'clock position), °C or °F 
6-18 No. 1 engine inlet lip surface temp No. 6 25-6 ; 
: (4 o'clock position), *C or °F 
6-19 No. 1 engine inlet lip surface temp No. 7 25-7 2 
(5 o'clock position), °C or °F 
6-20 No. L engine inlet lip surface temp No. 8 25-8 ¢ 
(6 Gtclock position}, °C or °F F 
6-21 No. 1 engine compartment air temp No, 1 upper 104+1 
forward, °C or °F : 
622 No. 2 engine compartment air temp No. 2 lower 104+2 
forward, °C or °F 
6-23 No. 1 engine compartment air temp No. 3 upper 104-3 j 
aft, °C or °F 
6-24 No. 1 engine compartment air temp No. 4 lower 104-4 : 
aft, °C or °F 
6-25 No. 1 engine accessory gearbox mass temp at 122 
. starter, °C or °F 
6-26 No. 1 engine accessory gearbox mass temp at 123 
front frame, °C or °F 
6=27 No. 2 engine accessory gearbox mass temp at 130 
starter, °C or °F ‘ 
6-28 No, 2 engine accessory gearbox mass temp at 131 
front frame, °C or °F 
6-29 OPEN x 


Switch Box No. 7 (Temperatures) (C.A.) (No. 1 Engine) 











7-01 Sweep Counter No, xX 
7-02 Time (min) x 
7-03 Time (sec) x 
7-04 OPEN x 
7-05 (GET-1) exciter mount temp, °C 162 
7-06 (GET-2) exciter skin inboard temp, °C 163 
7-07 {GSET-3) exciter skin scutbcoard temp, °C 164 
7-08 (GET-4) fuel control case temp, i 165 
13 
Sea PRB ESET RELY BET DED S oS Ee aaa 





14 





Switeh Box 
Pos. No. 





_ Pable III (Continued) 


Parameter Measured 





Sikorsky 
Item No. 


Switch Box No. 7 (Temperatures) (C.A.) (No. i .ag’xe) (Continued) 


7-09 


7~LO 
7-11 


7-12 


7-13 


7~14 
7-15 
7-16 
T~1L7 


7~18 


7-19 
7-20 
7-21 


7-22 


7-24 


7-25 


_(GET-6}, lube pump case temp, °C 


(GET-6) lube pump inlet oil temp, °C 


(GET-7) fuel pomp case temp, *e 


(GET~8) compressor 2nd stage case temp (4:30 
o'clock position), °C - 


{GET~9} compressor 3rd stage case temp (3 
o'clock position), °C 


{GET-10 compressor 3rd stage case temp (4:30 


o'clock position), °C 
(GET-10) scavenge pump outlet oil temp, °c? 


(GET-11) compressor 3rd stage case temp (6 
o'clock position), °C 


(GET-12) compressor 4th stage case temp (3 
o'clock position), °C 


{(GET-13) compressor 4th stage case temp (4:30 
o'clock position), °C 


(GET-14) compressor 4th stage case temp (0 
o'clock position), °C 


(GET-15) compressor 4th stage case temp (9 
o'clock position), °C 


(GET-15) engine/nose gearbox oil cooler inlet 
air temp, °C 


(GET-16) compressor 5th stage case temp (3 
o'clock position), °C 


({GET-17) compressor 5th stage case temp (4:30 
o'clock position), °C 


(GET-18) compressor 5th stage case temp (6 
o'clock position), °C 


(GET-19) gas generator turbine case temp (4 
o'clock position), °C 


(GET-19) engine/nose gearbox oil cooler outlet 
air temp, °C or °F 


{(GET-20) gas generator turbine case temp forward 
of aft flange (8 o'clock position), °c 


(GET-20) engine oil cooler inlet oil temp, °c? 


(GET-21) gas generator turbine case temp forward 
of aft Flange (12 o'clock position), °C | 


(GET-22) power turbine case temp forward of aft 
flange (4 o'clock position), °C 


167 
167 
168 
169 


170 
171 


i71 
172 


173 
174 
175 
176 
176 
177 
178 
179 
180 
180 
181 


181 
182 


183 


Table If (Continued) 


Switch Box Sikorsky 
Pos. No. . . Parameter Measured Item No, 


Switch Box No. 7 (Temperatures) (C.A.) (No, 1 Engine} (Concluded) 











7-26 (GET~23) power turbine case temp forward of aft 184 
flange (8 o'clock position), °C 
(GET-23} engine oil cooler outlet oil temp, og? 184 
7-27 {(GET-24) power turbine case temp forward of aft 185 
flange (12 o'clock position), °C 
7-28 ste Ts harness temp underside of junction 286 
Ox 
7-293 OPEN x 
Switch Box No. 6 (Temperatures) (C.A.) (No, 2 Engine) 4 
; e: . 8-01 Sweep Counter No. x > 
b 8-02 Time (min) x ‘. 
8-03 Time (sec) x : 
. 8~+04 OPEN x 
| B-05 (GET~26) ignition exciter mount temp, °C 187 
; (GET-27) ignition exciter skin inboard temp, °c* 188 : 
(GET-~26) OPEN? 187 : 
8~06 (GET-27) ignition exciter skin inboard temp, °C 188 
(GET~26) ignition exciter mount temp, °c? 188 
(GET~27) OPEN? 188 
8-07 (GBT -27) ignition exciter skin outboard temp, 1e9 : 
c 
(GET~28) lube pump inlet oil temp, °c’ 189 i 
(GET-28) OPEN? 189 
8-08 (GET+29) fuel control case temp, °C 190 
(GRT-29) OPEN9 190 
8-09 (GET-31) lube pump case temp, °C 192 
(GET-31) scavenge pump outlet oil temp, o¢3 192 
(GET-31) OPEN? 192 
8-10 (GET-32) fuel pump case temp, °C 193 
(GET-32) OPEN? 193 
8-11 (GET-33) compressor 2nd stage case temp (4:30 194 
o'clock position), °C 
(GET-33) OPEN? 194 
8-12 (GET-34) compressor 3rd stage case temp (3 195 
e'clock position), °C 
(GET-34) OPEN? 195 


*8-05 and 8-06 reversed December 1969 to 7 September 1970. 
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Switch Box 
Pos, ‘No. 





Switch Box No. ¢ 
6-13 


8-14 


8-15 


8-16 


8-17 


8-18 


@-19 


8-20 


8-21 


8-22 


8-23 


8-24 


Table. I£E. (Continued) 
Parameter Measured _ 


(GET-38} compressor 3rd stage case temp (4:30 
o'clock position), °C ; 


(GET-35) open? 


(GET-36) compressor 3rd stage case (6 o’*ciock 
position), °c 


{(GET~36) OPEN? 


(GET~37) compressor 4th stage case (3 o'clock 
position), °C 


(GET-37) OPEN? 


(GET-28) compressor 4th stage case temp (4:30 
o'clock position}, °C 


(GET~38) OPEN? 


{GET-39} compressor 4th stage case temp (6 
o'clock position), °C 


(GET~39) OPEN? 


(GET-40) compressor 4th stage case temp (9 
o'clock position), °C 


(GET~40) OPEN? 


(GET-41) compressor 5th stage case temp (3 
o'clock position), °C 


(GET-41) OPEN? 


(GET~42) compressor 5th stage case temp (4:30 
o'clock position), °C 
(GET-42) OPEN? 


(GET~43) compressor 5th stace case temp (4% 
o'clock position), °C 


(GET-43) OPEN? 


(GET-44) gas generator turbine case temp forward 
of aft flange, (4 o'clock position), °C 


(GET-44) OPEN? : 


(GET-45) gas generator turbine case temp forward 
of aft flange (8 o'clock position), °C 

(GET-45) engige/nose gearbox oil cooler inlet 
air temp, ° 


(GET-46) gas generator turbine case temp forward 
of aft flange (12 o'clock position), °C 


(GET-46) engine/nose gearbox o11 cooler outiet 
air temp, °c8 


Sikorsky 
Item No. 


(Temperatures) (C.A.) (No. L Engine) (Continued) 


196 


196 
197 


197 
198 


198 
199 


199 
200 


200 
201 


201 
202 


202 
203 


203 
204 


204 
205 


205 
206 


206 


207 


bo 
(-e) 
«J 
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Switch Box Sikorsky 
7 _Pos. No. Parameter Measured ; ; Item No. 





Switch Box No. 8 (Temperatures) (C.A.) (Engine No. 1) (Concluded) 


. 8-25 {(GET-47}) power turbine case temp forward of aft 208 
4 flange (4 u'clock position), °c 
(GET-47) engine oil cooler inlet oil temp, °c? 208 
(GET-47) OPEN? 208 
8-26 .(GET-48) power turbine case temp forwaxd of aft 209 
flange {8 o'clock position), °¢ 
(GET-48) OPEN? 209 
8-27 (GET-49} power turbine case temp forward of aft 2196 : 
flange (12 o'clock position), °C ; 
(GET-49) engine oil cooler outlet oil temp, °C’ 210 : 
(GET-49) OPEN? - 210 ‘ 
8-28 (GET-50) Ts harness temp, underside of junction 211 : 
box (9 o'clock position), °C : 
: {GET-50) OPEN? 211 . 
8-29 OPEN x 3 


Corer 


“Connected 7 September 1970 (end of climatic laboratory tests) . 


tee 


Connected 1 July 1970 (run 22, climatic laboratory tests). 


“Recorded on photopanel (positions 1 and 9} as of 10 September 1971, : 


& Ww KB 


Replaces original from 25 March through 3 August 1970 (climatic 
laboratory tests 6 through 29). 


> installed 4 February 1971 (arctic test 14). 


S Used from 27 February through 1 October 1970 (climatic laboratory tests) . 


Treplaces original from 1 July through 7 September 1970 (climatic labora~ 
tory tests 22 to end of climatic laboratory test). 
Schanged 1 July 1976 (climatic laboratory run 22). 


9 parameters not connected from 7 September 1970 to 24 May 1971. 
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Test SYNOPSES, VENT sueers, 
AND DATA — . 


RUN 2, ~40°C/-08°F, 8 JANUARY 1871 
Test Synopsis: 


Soak time: 17 hours at -40 to -44°C 

Start temperature: -41°C 

Inflight temperature: -20 to ~-32°C 
Instrumentation: full, valid data obtained 


Heat application: 1 hour heating of instrumentation; this resulted 
in unwanted heating of some gircraft components. 


This was the first completed test; run 1 was aborred due to leakage 
from the utility hydraulic system reservoir. Run 2 was a good baseline 
test for the arctic test phase. 


The instrumentation system would not operate in the extreme cold, 
and it had to be heated to permit operation. This resulted in unwanted 
heating of some aircraft components (reference initial start temperatures, 
particularly in box 3 - that is, parameter numbers starting with 3, such 
as 3-05). Because of this problem, as mentioned in the Test Synopsis 
and Data section of this report, use of the instrumentation had to be 
limited in the following tests to obtain valid data. 


Both start accumulators were used for APP starts with 3,000-psi 
charge pressure, 


Pertinent information. 


Engine No. 1 has -13 fuel control and EAPS installed, 
Engine No. 2 has -13 fuel control and no EAPS. 


Engine No. 2 is a replacement engine, newly overhauled with 231 


hours total time at overhal. Any comparison with the climatic 
laboratory test (with original engines) should take this into 
account. 


Defective test parameters not presented {unless indicated otherwise} . 


1-13 ~ Engine No. 2 power turbine speed. 


3-22 ~ Cargo area forward waist-leve.i air temperature (erratic, 
but average temperature shown is gocd; data are presented). 


4~13 ~ Second stage pydraulic pump outlet temperature. 


7-12 ~ Engine No. 1 compressor case temperature, 3rd stage, 
3 o'clock position. 


7-19 ~ Engine No. 1 compressor cise ‘Cemperature, 5th stage, 
3 o'clock position. 
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7-20 — Engine No. 1 compressor case temperature, 5th stage, 
4:30 o'clock position 


7~22 ~ Engine No. l/nese gearbox oil cooler outlet air temperature 


Test parameters not connected or not presented. 


2-19 through 2-26 - Heater output airflow differential pressure 
{not presented) . 


6-65 and 6-06 ~ Engine fuel control discharge temperature (not 
connected). : 
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Box 8 ~ Engine No. 2 mass temperatures (not connected because of 

an engine change prior to the arctic test phase}. Only the engine/ 
nose gearbox oil cooler air temperature parameters (8-23 and 8-24} 
were connected. 


Event Sheet: 









CTR Event 
t a APP - start 
30 APP .— shutdown due to hydraulic fluid leaking from primary 
E servos 
42 APP - restart 
70 Cargo hook ~ check operation 
-72 Rescue hoist - check operation 
77 Radios ~ check ON then OFF 
79 Heater ~- ON, MAX HEAT 
80 Primary servos - exercise flight controls until servo ieaks 
stop (about 10 minutes) 
98 F AFCS - checked 
104-109 Engine starters - check operation, No. 2 then No. 1 


Engine No. 1 motored along with Engine 
No. 2 even though only No. 2 was selected. 





4 105 Heater ~ CABIN select position 
Pg 110 Engine speed trim - checked 
oe 115 Engine No. 2 - start 
118 Flight control and first stage interlock - checked 
124 Engine No. 2 high oil pressure light illuminated for 2 
minutes 15 seconds 
128 APP ~ OFF 
129 Engine No. 1 = start 
149 Engine No. 1 anti-ice - ON, then OFF 
152 Windshield anti-ice - ON, then OFF 
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283-190. 
192 
4395-327 


339<372 
374 
376 
378 
381 


CTR 
385~391 
401~404 
406~412 
413 
415 
417 
427 
429 
433 
445-480 
480 


Taxi 
Takeoff i 
Hover tests 


Free air temperature for digital system 
(position 1-04) was erroneous during 


‘hover because of its own heater. 


Cruise, low altitude 
Climb to 306 ft PA 
Cruise at 300 ft PA 
Climb to 670 ft PA 
Cruise at 670 ft PA 


Event 

Descent to ~40 ft PA 
Landings - series of landings 
Taxi (flying above ground) 
Taxi on ground 

APP ~ start, taxi continued 
Heater ~ OFF, taxi continued 
Stop 

Engine No. 1 - shutdown 
Engine No. 2 - shutdown 
Soakdown - 55-minute soakdown 
End test 








; 





FHOTO RECORDER DATA 


pun 2, ~40°C/-40°R © 9 Gan 71 
APP Start (First of 3 Starts) 








Start * a 
Light = 
: cea Position . | 
Paty | Frane | ‘Tim. | Clock orr-start | [| 
No, No. (sec) | Time ON-Run a 
73 1460} 1232 0 0 -20 | 0 Start 7 
16 Mer de 0.75 | 3456 6 5.0 9 0 ~20 0 : 
11 147 1.00 | 3250 0 17.0 r) 6 -20 0 % 
78 a7 1.25 | 3100 Q 15.0 0 r) -20 a : 
79 * 1.50 * 9 18.0 * a * 6 t 
80 148 1,75 * 0 20.0 0 * ") : 
8) 148 2.00 | 2650 6 21.0 0 0 -20 2 ‘4 
83 148 2.50 2400 ry 24.0 t) r) 13 : 
4 148 2.75 | 2225 6 24.0 ° 0 36 3 
86 149 : 3.25 1075 0 28,0 | = 40 6 37 z 
89 150 4.00 | 1800 0 32.0 | 107 4 37 : 
93 152 $00 1850 30 36.0} 18h 24 37 é 
95 152 5.50 1500 30 38,0 | 207 38 37 2 
* 97 153 6.00 | 1400 30 40.0 | 247 50 37 : 
101 153 7,00 100 30 33.0} 324 62 38 
105 153 8.00 0 30 70.0 | 437 75 40 ‘ 
107 154 8,50 ry) 20 80.0 | $37 83 4 
F 109 154 9.00 0 20 @5.0 | 551 89 42 
110 155 9.25 0 20 92.0 | $57 92 a2 
Lil 155 9.50 f) 20 94.0 |] 597 95 42 Start ¢ 
8 112 155 9.75 0 20 96.0 | 467 96 a2 Run 
9 412 155 10.90 6 20 96.0 | 437 98 42 
114 156 10.25 0 20 96.0 | 407 98 42 ; 
115 156 10.50 0 20 96.0 | 387 98 42 
116 156 10.75 0 20 96.0 | 377 98 42 : 
117 156 41.00 0 20 96.0 | 367 98 42 
118 157 11.25 100 20 97.0 | 363 98 42 
41g 157 11.50 100 20 100.0 | 357 98 42 
. 120 157 11.75 25 20 |i01.0 | 357 98 43 
122 158 12.25 25 20 = }tor.0 | 343 98 43 
9 138 162 | 1231 | 16.25 n) 20 |i01.0 | 317 97 45 
10 140 176 | 1232 30 0 20 j102.5 | 313 64 42 
10 142 178 | 1232 32 o 200 j101.5 | 315 58 42 
ul 182 206 | 1232 60 9 20 fioa.5 | 322 43 42 
; 19 200 356 | 1235 | 183 0 20 }101.5 | 302 35 -20 42 
, 30 241 577 | 1239 | 422 0 20 . {101.5 | 295 35 +20 42 Run i 
31 212 597 | 1239 | 451 0 Q 12.0 | 137 4 +20 31 Start ‘ 
32 213 747 | 1242 | 602 ° 6 o,0 | 422 3 +20 o Start 
. ; 33 214 1016 1247 | 870 0 0 0.0 | 67 2 +20 0 start [| 
: 42 233 1437 1255 | 1109 0 0 0.0 35 1 +20 i] Start | 
*Nefective instrumentation. i 
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*Defective instrumentation. 
*tTime reset. 
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RUN 2, ~00°C/—MPF, IB JARUARYJ9T. 


Test Synopsis: 7 
Soak times. 36. hours at -38 to 743°C . (about ~40°C average) i 
Start temperature: ~43°C : 
Inflight temperature: -26 to ~40°C 

Instrumentation: full data obtained 


Heat applicatio:: instxumentation heated before each operation: cycle 
during soak and. before aircraft operation; this 
resulted in unwanted heating of som aircraft com- 
ponents, 


A nomnastaage ae 


The temperature survey (extended soak) was accomplished during this 
test. The aircraft was soaked for 35 hours; the ambient air temperature 
held fairly steady near ~40°C during the entire period. The instrumenta- 
tion system was operated periodically during the soak to record the ten- 
perature. Unfortunately, the heat applied to the instxumentation system 
to permit it to operate also heated some of the aircraft components (as 
can be seen by referencing to box 3, parameter numbers starting with 3, 
such as 3-05). The soak data are presented from C/N 64 through C/N 250 
and -he test run is presented from C/N 272 through C/N 704. 


22 tet 


This test also shows inflight data without heater operation. Be-~ 
cause of a defective fire extinguisher hottle, the heater was not operated 
in flight, The heater data therefore show ¢.uund operation only. 

Pertinent information. 
Engine No. 1 has -13 fuel control and EAPS installed. 
Engine No. 2 has ~13 fuel control and no EAPS, 


Engine No. 2 was replaced prior to the arctic tests and is an 
eoverheauled engine (231 hours total time at overhaul). 


Modified APP start valve installed before this run to provide 
improved cold weather starting. 


Defective test parameters not presented (unless indicated otherwise) . 


3-22 - Cargo area forward waist~level air temperature (erratic, 
but average temperature shown is good; data are presented). 


4-13 - Second stage hydraulic pump outlet temperature, 


7-12 - Engine No. 1 compressor case temperature, 3rd stage, 
3 o'slock position. 


7-19 - Engine No. 1 compressor case temperature, 5th stage, 
3 o'clock position. 


7-20 - Engine No, 1 compressor case temperature, Sth stage, ry 
4:30 o'clock position. : 


7-22 - Engine No, l/nose gearbox oil cocler cutlet air temperature. 
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Test. parameters not connected or not presented... ; 
Soak Data Test: Only selected pertinent temperature data are : 
presented for the extended soak test portion of these data. 


2-19 through 2-26 ~ Heater output airflow differential. pressure 
{not presented) . 


6-05 and 6-06 - Engine fuel oontrol Sischacoe temperature (not 1. 


connected. : 
j Box 8 « Engine No. 2 mass temperatures (not connected). Only - 

‘ the engine/nose gearbox oil cooler air temperature parameters 

i (8-23 and 8-24) were connected. 


Event Sheet: 


= CTR Event 
SOAK DATA 
; 64-65 Initial soak data (warm aircraft taken from hangar after 
operating APP, cargo winches, and heater) 
bos 98-99 Soak data after 6.4 hour 
112-113 Soak data after 4 hours 
128-129 Soak data after 9 hours 
159-160 Soak data after 14 hours ; 
189-190 Soak data after 19 hours 
224-225 Soak data after 24 hours 
249-250 Soak data after 36 hours 
TEST RUN 
275 APP — start 
292-300 Cargo winches - check operation 
304-308 Rescue hoist - check operation 
310-315 Cargo hook - check operation 
322-331 Ramp door ~ check operation 
350 Rotor brake - OFF (hydraulic reservoir empty due to leak) 
358 Heater - ON, MAX HEAT 
366 “Heater - CABIN select position 
370 Comm/nav. radios and radar altimeter - ON 
408 Engine No. 2 - start 


Note 
Engine No. 1 motored while engine 


No. 2 was starting due to defective 
start valve. 
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423 APP ~ OFF 


i 424 Engine No. 1 ~ start 
434 Flat pitch and engine overspeed protection system - checked 
i 2 437 Engine No, 1 anti-ice - ON 
443-446 Air refueling probe - exercise 
— CTR Event 
i J 466 Taxi 
472 Heater ~ OFF 
a 484 Takeoff 
490 Cruise at 600 ft PA 
503 Cruise at 415 ft PA 
; 518 Cruise at 800 ft PA 
519 Cruise at 860 ft PA (note the 13°C temperature rise at 475 
ft AGL; typical Alaska temperature inversion) 
528 - Cruise at 460 ft PA (75 fc AGL) 
547-600 Cruise and maneuvering between 300 ft and 415 ft PA 
, 590 Air refueling probe ~ exercise 
600 Doppler ~ check; Doppler shows ground speed 15 knots lower 


than true airspeed due to extreme low density altitude of 
approximately ~8,000 feet 


. 623 Flight controls - stiff due to control stick boot becoming 
hard as cockpit temperature drops without heater operation 
(reference parameters 3-16 and 3-20 for approximate tempera~ 
ture of boot) 


623-650 Landings - series of iandings and takeoffs 

650 Taxi 

661 Hit hole in runway with nose gear, causing nose strut ‘ 

hydraulic leak ' 

674 Nose strut flat } 

684 APP - start 

692 Engine No. 2 - shutdown | 

700 Engine No. 1 - shutdown 

704 Recorder out of tape ~ end test; APP still running | 
| | 
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RUN 4, ~46°C/~S07F, 16 JANUARY ISTE 
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Test Synopsis: 

Soak time: 17 hours at. ~42 to -46°C 

Start temperature: -47°C 

Instrumentation: photopanel only 

Heat application: none 

{Ground test) 

This was a very good cold soak, averaging approximately -46°C 
(-50°F). Operation of the digital recording system was purposely 
avoided so as not to apply heat of any kind to the aircraft. As a re- 
sult only photopanel data are presented. The APP had trouble starting 
during this test. On the first start it had a high EGT, resuiting in an 
automatic shutdown by the overtemp circuit breaker, On the second start 
the clutch shaft sheared. The aircraft heater also failed due to an 
ignition vibrator failure. 


Pertinent information. 


The APP start system includes a modified start valve to provide 
improved cold weather starting. 


Event Sheet: 


Photo Recorder 


Frame No. Event 
62-106 APP ~- start 
106 EGT overtemp - automatic shutdown occurred after overtemp 
106-140 APP shutdown 
172-220 APP - second start 
256 Clutch shaft failure - dc bus voltage momentarily went 
to 0 at frame No, 256, indicating start of shaft failure 
549~581 APP - third start; this start undoubtedly represents 


an unloaded APP start due to the clutch shaft failure 
685~-711 APP - shutdown 







PHOTO RECORDER DATA 
Run 4, -46°C/~50°F 16 Jan 71 
APP Start (First of 3 Starts) 





















Start 
Light 
Start | Start Space 
Monitor 
Motor Motor Position 
Inlet Outlet 






Clock Press. OFF~Start 





Pp 
(pet) 





























Time (psig) (deg c) ON-Run 
0947 0.00 0 0 0 
0.50 | 2900 0 0 0 
1.00 | 3700 0 0 9 
1.25 | 3500 0 0 o) 
1.50 { 3350 0 0 0 
1.75 | 3275 0 rN 0 
2.00 | 3225 0 0 0 : 
2.50 | 3000 0 0 0 
3.00 | 2800 0 50 0 
4.00 | 2500 20 5 
6.00 | 2025 40 44 ; 
8.00 | 100 40 7 
10.00 | 100 20 88 
il.oo | 100 10 99 
21.50 {| 160 10 
11.75 100 10 






12.00 100 


e 
oe 





13.00 | 100 5 
14.00 | 100 5 
15.00 | 100 0 
16.00 | 100 0 - 
18.00 0 0 | 
19,00 0 0 , 
19.25 0 0 
0947 43.25 0 Q 7 
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sa 


pas 


PHOTO RECORDER DATA 
. Run 4, -46°C/~50°F 16 Jan 71 
APP Start (Second of 3 Starts) 






Start 


eiikeens <1 daascanmninmenamen ee 
ode PP Sie 4 esa 












i Si Lignt 
E < 
| aoe monitor 
oe Camera Elapsed Outlet Position © 
( Frame | Clock Time Press. rpm EGT OFF-Start | dc Bus 
i No. | Time {sec (psig)| (pct) | (deg ¢) ON-Run {yolts) 
= 172 | 1021 0.00 0 0 0 
ae 172 | 1026 | 0.00 * o | 5 23 
i 173 0.25 | 3700 0 7 
174 0.50 | 3650 o { 16 
175 0.75 | 3550 o | 16 
176 1.00 | 340¢ o | 19 
179 1.75 | 2950 0 | 24 
i 180 2.00 | 2800 10 | 26 
i 184 3.00 | 2500 25 | 32 
: 188 4.00 | 2200 40 36 
192 5.00 | 1850 50 | 42 
196 6.00 | 100 50 54 
200 7.00 f) 30 | 74 
204 8.00 0 20 | 80 
208 9.00 0 10 | 90 
210 9.50 0 94 
211 " 9.75 0 95 
212 10.00 0 96 
213 10.25 0 96 
214 16.50 50 6 
215 10.75 | 100 96 
216 11.00 | 100 97 
217 11.25 | 100 97 
218 11.50 | 100 10 = |100 
219 11.75 | 100 20 101 
220 12.00 0 20 {202 
240 =| 1026 17.00 Q 10 {102 
250 |1027 | 19.50 0 lo j102 
251 1027 | 42.50 0 lo j102 28 
253 1027 42.00 0 lo {1c2 o** 


*Defective instrumentation 
**DC bus went to zero at camera frame No. 256. 
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| 
H PHOTO RECORDER DATA 
Run 4, -46°C/-50°P 16 Jan 71 
APP Start (Third of 3 Starts) ‘ 
| Start 
Light 
i Speed : 
Monitor 
| pees Position 
Frame } Clock rpm EGT OFF-Start 
No. Time {pct} {deg C) ON-Run 
549 1327 0.0 0 START 
0.25 | 4850 0 5.0 0 
0.75 | 4206 0 15.0 0 
1.25 [| 3350 | 0 20.0 0 
2.00 | 2850 | o | 25.0 50 
2.50 | 2550 10 29.0 90 
3.00 } 2400 | 20 32.0 120 
4.00 | 2100 ~ 30 36.0 180 
5.00 | 1875 30 43.0 240 ‘ 
6.00 | 1300 40 54.0 310 
6.50 | 1250 40 63.0 380 
7.00 30 75.0 480 ‘ 
7.25 25 82.0 540 START 
7.50 20 96.0 552 RUN 
1327 7.75 | 1250 15 }194.¢ 519 gi 
1328 8.00 | 1225 10 {102.0 479 84 
8.25 10 409 86 
8.50 10 377 87 
9.00 10 319 87 
10.90 10 293 87 
11.00 5 279 86 
14.00 5 { 275 83 
1328 53.00 0 y 279 45 
1330 | 119 102.0 277 "39 RUN 
121 35.0 239 39 ; START 
122 56.0 163 32 
129 24.0 129 13 
1330 | 137 10.0 129 6 
1331 | 202 1225 0 0.0 137 2 -40 START 
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Rus 1, -42°C/—489F, 21 JANUARY 1871 
Test Syr. opsis : 


Soak time: 18 hours at -38 to ~43°C 

Start temperature: ~ ~43°C 

Inflight temperature: <-22 to -34°C 
Instrumentation: full; valid data obtained 


Heat application: no heat used before start; engine No. 2 fuel 
control heated after start 


fo avoid the application of heat, both a ground test and a flight 
test were accomplished for run 7. The digital recording system (which 
needed heat to operate) was not used during the ground test. The photo- 
recorder was operated during the ground test to provide valid APP and 
engine start data. The clock, second counter, and frame counter on the 
photorecorder were sticking at varicus times during the start, but the 
data are good and the time was calculated from a known frame speed. 


After the aircraft was warmed up (from the ground test) the digital 
recording system was operated to provide data for the flight test. 


The aircraft was subjected to an average cold soak temperature of 
approximately -42°C (-43°F). Since no heat was applied to any part of 
the aircraft, this run presents good APP and engine cold weather start 
data. Both start accumulators were used for the APP start. 


The typical high APP EGT experienced during many of our cold weather 
Starts can be seen in this data (frame numbers 31 to 41 at elapsed time 
of 9 through 11 seconds). The overtemperature circuit breaker activated, 
but was bypassed to allow the APP to continue running. 


The inflight portion of the test contains good heater data. It 
shows aircraft temperatures with combinations of the crew door (top and 
bottom) open such as would be used for operating the rescue hoist or 
forward gun. Also presented is a temperature/altitude survey showing 
the typical Alaska inversion with relatively higher temperature at the 
higher altitudes. Because of this, most flights were conducted at low 
altitudes to maintain the lowest possible temperature. 


Pertinent information. 
. Engine No. 1 has -13 fuel control and EAPS installed. 


Engine No. 2 has ~13 fuel control and no EAPS. 


Engine No. 2 replaced before arctic tests (overhauled engine 
with 231 hours total time at overhaul). 


Modified APP start valve installed. 
Heavy duty APP clutch installed. 


Defective test parameters not presented (unless indicated otherwise}. 


3-22 ~ Cargo area forward waist-level air temperature (erratic, 
but average temperature shown is good; data are presented). 














i 
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4~13 - Second stage hydraulic pump outlet temperature. 


6~26 - Engine No, 1 accessory gearbox mass temperature at front 
frame. 


7-12 - Engine No. 1 compressor case temperature, 3rd stage, 
3 o'clock position. 


7-19 - Engine No. 1 compressor case temperature, 5th stage, 
3 o'clock position. 


7-20 - Engine No. 1 compressor case temperature, 5th stage, 
4:30 o'clock position, 


7-22 - Engine No. i/nose gearbox oil cooler outlet air temperature. 


Test parameters not connected or not presented. 


2-19 through 2-26 - Heater output airflow differential pressure 
{not presented). 


6-05 and 6~-C6 - Engine fuel control discharge temperature (not 
connected) . 


Box 8 ~ Engine No. 2 mass temperatures (not connected); only the 
engine/nose gearbox oil cooler air temperature parameters (8-23 
and 8-24) were-connected., 


Event Sheet: 


Ground Test Portion 


Alaska 
Photo Recorder Standard 
Frame No. Time Event 
20 1618 APP - start 
31-41 1018 APP ECT overtemp (760°C peak) 
39 1018 Heater - ON, MAX HEAT 
246 1117 APP start light - out; extended operation of 


start light (about 54 minutes) indicates that 
APP speed monitor switch was sticking in the 
start position, 


266-506 1036 Rotor brake - cycled in low pressure 

320-367 1037 Rotor brake - cycled in high pressure 

504-505 1057- Heat applied to engine No. 2 fuel control 
1058 

ole 1108 Engine No. 1 - start; rotor brake holding 

Seo i110 Heater - CABIN SELECT POSITION - 

385 1110 Engine No, 2 ~ start; roter brake holding 
1274 lllé4 Rotor - engaged; rotur brake released 
LE90-9u 1118- Refueling probe - exercise 

1123 
1 9% 1125 Heater - OFF , 
LEO. 1125 Engines - shutdown 








1127 APP ="shutdown > 
1129 ~—- Rotor brake ~ OFF 
x 1258 End ground test, start flight test 


Flight Test Portion 


cTR Event 
5 APP - start 
21 Engine No. 1 - start; rotor brake on 
25 Engine No, 2 = start; rotor brake on 
31 Rotor brake - release 
35 APP - OFF 
58 Takeoff 
70 Doppler check started 


TEMPERATURE/ALTITUDE SURVEY 


PA AGL Tempe rature 
(ft) (2, i ey ere = 
76 1,920 1,500 -26/-15 
51 2,880 2,460 -25/~-13 
84 3,930 3,516 -25/-13 
89 4,880 4,460 -26/-15 
94 5,905 5,485 ~24/-11 
98 6,955 6,535 -23/-9 
103 7,940 7,520 ~21/-6 
107 8,930 8,510 ~21/-6 
ill 9,780 9,360 -23/-9 


NOTE: Surface temp is ~-37°C (-34°F); 
ground level is approximately 
420 feet PA. 


125 Refueling probe ~ exercise 

147 Autorotation from 8,000 ft PA 

155 Land 

164 Takeoff, hover 

168 Forward flight 

17S Cruise; upper half crew door open 
184 Land 

185 Lewer half crew door cpen (both open) 
197 Takeoff 


391 








203 
221 
233 
244 
246 
257 


CTR 
276 
282 
286 
287 
292 
293 
306 
312 


332 


Hover 


Upper half crew door closed (both closed) 


Event 


Land 
Upper half crew door open 


Lower half crew door open (both open) 
APP ~ start 

Engines ~ shutdown 

Rotor brake ~ ON; failed, would not hold 
APP -— shutdown 

End test 


i 
F 
Hover; lower half crew door closed (top open) 
Touchdown ; 
Takeoff, hover 
Forward flight . ; * 





My 


PHOTO RECORDER DATA 
Run 7, -42°C/-43°F 21 Jan 7L 
APP Start 





aD te ae tone eS 


SEIFERT rrr eet a 
ae eas 
* 





Stect 
Ligut : 
start | Start Seine : 
: Camera j Elapsed at mine Position e 
a a Fram Time Press. | Press. 
\ : iO se 
ht 20 0.0 
be 21 0.2 
: 22 0.5 
: 1.0 
i : 2.2 
boo 1.5 
bo 2.5 
3.5 
i 3.7 
Ld 22 4,0 
oa 23 4.2 
| 23 5,2 
; 24 7.2 
: 31 9.0 
° 35 10.0 
36 10.2 
37 10.5 
: 38 10-7 
. 39 11.0 
40 11.2 
41 11.5 
43 12.0 
44 12.2 
45 12.5 
46 12.7 
47 13.0 
49 13.5 
51 14.0 
51 14.2 
53 14.7 
54 15.0 
55 15.2 
56 15.5 
57 15.7 
58 16.0 
. 59 16.2 
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RUN 21, 40°C 48°F, rt FEBRUARY im ; 
' 4 (Second stage hydraulic system cooling characteristice) } 
ad i 

é 


Yest Synopsis: 


} Soak time: 12 hours at -38 to -42°C (about ~40°C average) 
* Start temperature: -42°C 
; Instrumentation: full 


Heat application: minimum heat to instrumentation system (ground 
test) 


> 
saben ans ween at AE 


ee en ne 


2 The intent of this run was to perform a systems ground test of the 
° following: 

Heater operation 

APP start 

APP modified speed monitor 

New steel primary flight control servos 

New utility reservoir 


Since instrumentation data were desired, it was necessary to apply 
heat to the instrumentation system. [ft was, however, kept to the absolute 
‘ minimum, 


The second stage hydraulic system was pressurized for over 30 min- 
utes without rotor operation, thus excellent data are provided for the 
2 cooling characteristics of this system. It should be noted (reference 
parameters 4-12 and 4-14) that the second stage hydraulic temperature 
was continually rising as long as the system was pressurized. It should 
be noted by reference to positions 2-11 and 2-12 that the AFCS was not 
activated (the additional cooling from these lineswas not available). 


The optimum heat distribution was not obtained from the aircraft 
| heater. This was mainly due to damaged ducting and outlet adjustment 


controls, 
Pertinent information. 
Modified APP start valve installed. 
- Heavy duty APF clutch installed. 
Modified APP speed monitor installed. 
New steel primary flight control servos installed. 


Defective test parameters not presented (unless incicated otherwise). 


3-22 - Cargo area forward waist-level air temperature (erratic, 
but average temperature shown is valid; data are presented). 


4-13 - Second stage hydraulic pump outlet temperature, ! 
Photorecorder, position 10b, APP start motor iniet pressure, 


Test parameters not connected or not presented. 





pave niinhinn siponiangnit.d 


CTR 


19 
26 


32 
37 


44 
47 


52 
59 


40 


86 
141 
L145 
165 





Because the. ‘engines’ were not ‘opérated, 
the engine test parameters (in boxes oy. 
1, 5, e 7, and 8) are not Prossnteds Sees 


2~16 and 2-17 - Ruader hivdeauite ‘conteor pressure (not presented) . 
2-18 - Wheel brake return pressure (not presented). 


2-19 through 2-26 - Heater output airflow differential pressure 
(not presented). is 


4-9 and 4-10 - First etage hydraulic ‘pump fluid temperature (not 
presented) . 


5-28 - Fuel tank fuel temperature (not presented). 
Event Sheet: 


Event 


APP ~- first start; both start accumulators used with 4,000- 
psi charge; 96% clutch engagement 


APP - shutdown 


APP ~ second start; both start accumulators used with 3,000- 
psi charge; 92% clutch engagement 


APP - shutdown 


APP - third start; both start accumulators used with 3,000- 
psi charge; 97% clutch engagement 


APP - shutdown 


APP - fourth start; both start accumulators used with 3,000- 
psi charge; 100% clutch engagement. 


APP = shutdown 


APP - fifth start; both start accumulators used with 3,000~ 
psi charge; 92% clutch engagement 


Heater = start, CABIN SELECT POSITION, heat rheostat at 13 
o'clock position (66%) 


Nete 
HEATER DUCT CONTROL POSITIONS: 


Cabin forward upper duct (position 

3-11) + closed. Pilot's underseat 

vents - 50% open. Pilot's overhead 

outlets (positions 3-13 and 3-17) < 

closed. 

Crew door - open, then closed 

Crew door - open 

Heater - shutdown . 


End test 





Run 21, -40°C/~40°F 25 Feb 1972 

_, APP start (First Start) 
es ae a es ; Start 
“y cae bight 
Speed 
Monitor 

Position 

“OPF-Start 
‘ON~Run 
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